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Abstract 

, A recent claim by J. D. Barrow concerning the abundance of light elements in  

the early phases of the Universe, when all the forces were supposed to be of equal 

strenglh, is reanalized and found not to be correct. 

The parameterization for the time dependence of the gravitational constant intro- 

duced by Barrow is found to represent none of the theoretical models proposed so far. 
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E t e r  since Dirac (1937) proposed a possible variation of the gravitational con- 

stant G with cosmological time, there have been various attempts to show that such a 

variation can be ruled out from known astrophysical o r  cosmological observations. 

These conclusions have been based on analyses using otherwise standard dynamical 

equations aside from the substitution of G by a function of time. Recently, Barrow 

(1978) argued that the observed light element abundance gives a much more stringent 

limit on the temporal evolution of G and therefore imposes a severe constraint on pro- 

posed theories of gravity in which G is allowed to evolve. In this note, we wish to 

point out that Barrow's claim involves two serious conceptual errors,  which invalidate 

his analysis. 

The first one consists in assuming that in general the implications of a varying 

G can be fully accounted for by simply changing G into G(t) in the standard Einstein 

equations while keeping the law of conservation of eneigy unaltered. This is however 

not correct since if G varies, the new conservation law is 

yielding for matter and radiation 

This implies that Einstein equations only tell us  about the product Gp and not about p 

and G separately. Since the rate of expansion of the Universe during the radiation 

dominated era is proportional to (Gp ) -1/2 , it is incorrect to conclude that,a'varying Y 



c . . 

G would have accelera-id the expansion ra-2 to the point of leaving no time for nucleo- 

synthesis to occur. 

With regard to the scale covariant theory of gravitation, it has been shown by 

Canuto and Hsieh (1979) that within that framework a variable G necessarily implies 

modified conservation laws which in turn lead to modified thermodynamic relations. 

' In particular, i t  was demonstrated that the radiation energy density p is 
Y 

given by 

9 

B" T4 
G 

N 
1 - 1 

cv- 

p Y  B2 G R4 
(3) 

4 The relation p 

applicability of his conclusion to our theory. 

- T used by Barrow is inconsistent with (3), thus invalidating the 
Y 

The second conceptual e r ror  lies in the assumption that the different theories 

with varying G, proposed so  far, differ only in the way G depends on the cosmological 

time (see Barrow's remark preceding his equation (5)). 

. 
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In fact, based on different fundamental assumptions, these different theories 

yield different dynamical equations and different conservation 1a.ws. 

Barrow's analysis that allows a general power law dependhnce of G on time, but 

keeps standard conservation laws, does not in fact represent of the proposed theories. 
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